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A framework for effective collaborative working
in construction
M. A. ShelQ1 bourn, D. Bouchlaghem, C. Anumba and P. Carrillo
The potential beneﬁts of collaborative working in
construction projects have yet to be fully realised in the
sector. This is in part due to the misunderstanding of the
use of the information and communication technologies
(ICT) and tools associated with working collaboratively.
There are, however, isolated pockets of experts that have
realised that in order to fully embrace the potential of
collaborative working in their businesses, the role of ICT
has to be closely aligned with the people that use it, and
should relate to the overall goals of the business. The aim
of the Planning and Implementation of Effective
Collaborative Working in the Construction (PIECC)
project is to develop a decision-making framework that
enables organisations to fully integrate ICT and its
associated people and business issues into their projects,
and individual businesses. This paper reports on the
development processes used to develop the framework,
and its evaluation and testing within the UK construction
sector. The paper presents the different processes that
should be followed to develop a joint collaboration
strategy, and the results and implications of using the
PIECC framework to manage collaborative working.
1. INTRODUCTION
The role of collaborative working in the construction sector is
beginning to inﬂuence the ways of working in some
organisations, and is even changing the working practices of the
industry as a whole.
Collaborative working is not achievable without the use of
information and communication technologies (ICT). These
technologies are often simple tools available on most personal
computers, such as spreadsheets and word processing, but more
sophisticated tools that technological suppliers call ‘project
extranets’ are also available. There are a number of commercial
tools available on the market. There are pros and cons associated
with these and it is for people to make their own choice of
preference, but a good guide is provided by the Network for
Construction Collaboration Technology Providers.1 This report
shows the beneﬁts of using ICT and collaborative working tools by
showing that collaborative working pays.
As with previous initiatives that involve the implementation of
such collaboration tools and ICTs in projects and businesses, there
has been a traditional focus on the technological aspects2–4 with
limited regard for the effects that these implementations have on
the people using them and the organisations they work for.5–8
Implementing collaborative working in organisations cannot be
achieved without the use of ICT, and conversely those
implementations that concentrate purely on the socio-economic
aspects (the people and business perspectives) will similarly fail.9–14
The Planning and Implementation of Effective Collaboration in
Construction (PIECC) project has recognised that there needs to be
a balanced approach to implementing collaborative working in
projects in order to take advantage of the beneﬁts that ICT can
provide.
The PIECC project was a 2 year research and development project
that involved Loughborough University and a number of leading
construction organisations—ARUP; Buro Happold; Capita
Symonds; Mott MacDonald; Taylor Woodrow; and the AVANTI
Programme. Through the extensive involvement of the industrial
partners a framework was developed that enabled managers to
plan and implement collaborative working into their projects. A
copy of the framework is available from http://piecc.lboro.ac.uk/
Results/PIECC%20Brochure.pdf or by contacting any of the authors.
Socio-technical aspects of ICT implementations also need to be
given full consideration. The project has a focus on supporting
strategic decision-making by highlighting areas where
collaborative working can be improved and incorporating the
organisational (business), project and users needs. The needs of
the construction industry have been considered as a basis for
developing a framework that facilitates the strategic planning and
implementation of effective collaborative working policies and
protocols.15 When carefully planned and, if based on informed
decisions, it is believed that these policies and protocols will help
organisations improve their collaborative working activities,
achieve better beneﬁts from it, and maximise the use of tools and
techniques that are currently available commercially. The
remainder of this paper describes how the balanced approach,
shown in Fig. 1, is achieved through the development of a
collaboration strategy.
2. THE PIECC PROJECT
The construction industry was initially slow in the uptake of ICT to
improve the performance of its projects; however, during the years
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2000–2005 there has been a marked increase in its use.16 The
introduction of ICT has enabled the phenomenon of collaborative
working to become part of the industry’s every-day practices.
With the need to demonstrate the complexities of introducing
collaborative working into projects proving difﬁcult to establish,
the PIECC project aims to show how a more strategic approach to
using ICT systems for collaboration on construction projects is
achievable.
3. PIECC PROJECT RESEARCH METHODOLOGY
In order to complete the objectives of the PIECC project a
combination of recognised research methods were employed on
the project. These included the following activities.
(a) Use of published resources—through an extensive literature
review the current ‘state-of-the-art’ in collaborative working
was determined,17 which included the change in management
aspects18 and the technologies used.19
(b) Field studies—with key experts in collaborative working from
the industry, and the accumulation of case material from
existing projects. These led to the identiﬁcation of the
requirements for effective collaborative working and the key
issues to address from the industry perspective.15
(c) Use of a ‘develop–test–reﬁne’ strategy (action research) to
improve the framework to be introduced into construction
projects. How this was achieved is the main focus of this paper.
4. DEVELOPMENT OF THE PIECC FRAMEWORK
Shelbourn et al.15 documents the needs and requirements of the
industry for effective collaboration. Brieﬂy, these were categorised
into six groups: model; process; standards; good practice; design;
and legal aspects. The needs and requirements were drawn from
information gained from a questionnaire, and semi-structured
interviews with leading experts.8
With the requirements gained the research team moved their
efforts into developing a decision-making framework for effective
collaborative working. Intense discussions with the industrial
partners, via the project steering group, and other prominent
members of the construction industry revealed that a ‘develop–
test–reﬁne’ approach was the most appropriate for this stage of the
research.
From the literature review results17–19 and the user requirements
report15 initial discussions revealed a strong idea that there are
essentially four key stages to follow. These are shown in Fig. 2.
The ﬁrst iteration built upon this initial idea with the research
team integrating the six key factors (determined in the PIECC
literature review) for effective collaboration: vision; engagement;
trust; communication; processes; and technologies—into the four
key areas.
Comments and feedback from the industrial partners on the initial
versions of the framework were encouraging. They commented
that they were encouraged by the development, but questioned
whether the framework would not be better served having a more
process-centric focus. This question was addressed by the research
team in the second iteration of framework development. The
industrial partners were complementary in their assessments of
using additional information to aid the process of effective
collaborative working.
The second cycle began with the redesign of the framework to
show greater process focus to the framework. The framework was
split into three distinct stages. The ﬁrst aimed to bring together the
different organisations involved in the collaboration to ‘align their
business strategies’. The second stage requires the collaboration
champion or team to deﬁne the three strategies for effective
collaboration (i.e. ‘people’, ‘project’ and ‘technology’ strategies).
Once these have been deﬁned the collaboration begins and is
continuously monitored to make sure that all participants are
working in the agreed ways. Once the collaboration has ended,
feedback is given to the business on how to improve current
practices.
The end of iteration two of the framework development cycle
showed that the additional information—how it was presented,
and what information was included—is of vital importance to the
success of the framework. The project steering group had some
reservations on the content of the supporting information, in that
it had been written in an ‘academic’ style. It was agreed that each
project partner should take ownership of one stage of the
framework and suggest ways of making the pages more ‘industry
friendly’. This process enabled the supporting information to
become a better supportive tool to the framework.
The industry steering group commented that version three
adequately represented the key processes and supporting
information to enable effective collaborative working. Despite
this, members of the group had difﬁculties with understanding
how the framework could be used, and where key decisions
needed to be made.
During a key project progress meeting the research team and
industrial partners created a ‘rich picture’ of how the processes
must be linked together in a more usable format. After further
discussions the ‘rich picture’ was transformed into the framework
shown in Fig. 3. This version is the ﬁnal version of the PIECC
decision-making framework.
EFFECTIVE
COLLABORATION
People
strategy
Technology
strategy
Business strategy
Fig. 1. Areas needed to develop a collaboration strategy
Define the
need
Develop business
case
Design and
implement
Feedback to next project
l
 A set of sub-processes for particular aspect
l
 A list of resources to include:
 – Suitable technologies and techniques to collaborate
 – Organisation change considerations
 – Examples of good and poor practices from 
  previous efforts
 – Others??
Maintain
and reflect
Fig. 2. Initial thoughts of the decision-making framework
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The framework has four distinct sections in which
collaborating organisations set up their ‘business strategy’;
‘deﬁne a collaboration brief ’; ‘plan a solution’ to fulﬁl that
brief; and then ‘implement that solution’. The collaborators do
this by working from the top of each section through the
described processes to develop procedures of increasing detail
(as they move from the left to the right) for their collaboration.
Before progressing to the next phase of the collaboration, a
decision is needed to determine whether it is feasible to
continue or not, dependent on the outcomes of completing the
different processes in that section of the framework. If ‘no’
then the members of the collaboration revisit that section to
try and remove the barriers or problem areas as to why the
collaboration cannot proceed. If it is perceived that the
collaboration can continue then the collaborators move into
the next section of the framework to complete their
procedures.
5. PIECC FRAMEWORK EVALUATION AND
VALIDATION
Figure 4 shows a graphical representation of the evaluation
method. This method was chosen to ﬁrst evaluate the signiﬁcance
of the framework developed through careful appraisal and study;
and secondly to validate the evaluation process to show
improvements in the planning and implementation of
collaborative working in construction projects.
The ﬁrst approach concentrated on industrial experts
evaluating and commenting on the potential use of the
framework within their organisations and projects. The second
approach concentrated on inviting key industrial
representatives to an all-day workshop. The aim of the
workshop was to identify and clarify the issues surrounding
the impacts of ineffective collaboration on project
performance, and how the PIECC framework could address
these issues. The third approach concentrated on introducing
the PIECC framework to real construction projects to assess the
impacts it may have.
The next sections describe the
results from each of these
stages.
5.1. Semi-structured
interview results
The project team returned to a
number of the key personnel
originally interviewed in the
project to gain their feedback
on the development of the
PIECC framework.
The interviews highlighted the
need for four clear ingredients
to achieve effective
collaborative working. These
were
(a) changing the culture (of
the industry)
(b) introducing enabling
technologies
(c) promoting new contractual relationships
(d) managing the risks (of collaboration).
Discussions in the interviews highlighted those aspects of the
PIECC framework that stood out as enabling effective planning
and implementation of collaborative working. The following
sections describe which of the twenty-three processes the
interviewees particularly felt were important to successful
planning and implementation of effective collaborative working
into projects.
5.1.1. General issues. The interviewees recognised the need to
begin using the PIECC framework as early as possible in the
project life-cycle; preferably it should be used as a tool to
bring the consortium together to develop bids for winning
projects. It has been the experience of one interviewee that
‘all too often the project is too far down the line to warrant
using the framework . . .’. For the framework to succeed the
interviewee felt that there needs to be a ‘. . . change in the
culture (of the industry) from just jumping in and doing it . . .’
to a more ‘. . . strategic approach to (collaborative)
working . . .’.
This strategic approach will inevitably mean a signiﬁcant change
in managing the project output to include the new ways of
working associated with collaborative working.
The interviewees agreed that the deﬁnition, and bringing together
of, a coherent ‘business strategy’ was an important ingredient to
the success of collaborative working. There were a number of
areas that the interviewees felt where the PIECC framework can
provide signiﬁcant improvements.
Firstly, the question of ‘what does it mean to me?’ has to be
clearly deﬁned in the processes and procedures of the
collaboration strategy. The individuals involved in the
collaboration need to have an input into how the collaboration
Next version of
the framework
Developing the
methodology
Evaluating and validating
the methodology
Version of the
framework
Stage 1
Project steering
group meetings
Stage 2
Industry focus
group
Stage 3
Semi-structured
interviews
Stage 4
Industrial
workshops
Stage 5
Construction
projects
Fig. 4. Development and evaluation/validation method of the PIECC framework
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is to work on a day-to-day basis, and to understand how it will
affect them in their daily working activities.
This issue also affects another clearly important consideration in
the success of collaborative working—what are the ‘ramiﬁcations
of not disseminating the business strategy to the rest of the
organisation?’ The PIECC framework stresses the importance of
disseminating the following information.
(a) How the collaborative working venture will affect the
organisation, and its associated groups, goals and
objectives.
(b) That the business, people, and ICT strategies for all
participating organisations need to be aligned for
collaboration to be effective in the project.
One interviewee felt that leadership ‘. . . is the core issue to
successful project collaborations’. The ability to delegate
responsibility to others in the collaborative working venture is an
essential quality of any manager in this role. The leader of the
collaborative working venture—PIECC calls them a ‘collaboration
champion’—must understand the importance of building trust
within the team. The interviewee went on to stress that (in their
opinion) leaders that are good, ‘. . . tend to be born not raised . . .’,
which leaves the industry with a difﬁcult question to answer: ‘how
do you develop the people to set the collaboration up and
implement the solution?’—a question that is beyond the scope of
the current research.
The following list shows those of the speciﬁc processes of the
PIECC framework that were deemed essential by the interviewees.
(a) Appointing a champion is seen as essential to the successful
planning and implementation of effective collaborative
working in projects. One interviewee stressed that this person
needs to be an enthusiastic, strong-minded person who must
be highly motivated and have excellent leadership skills. The
interviewee described such a person as being ‘few-and-far
between’ in the current climate of the construction industry.
(b) Developing a shared vision to enable success, all stakeholders
in the project must agree a vision for the project. This vision
must include descriptions as to what happens when the
collaboration goes wrong. The vision must include
information that has a ‘common’ meaning and understanding
for all.
(c) Deﬁning roles and responsibilities—it is vitally important to
know that required resources are in place, and made available,
to enable the management team of the collaboration to recruit
the right people to work together. Once these people have
been recruited their roles and responsibilities need to be fully
understood by themselves, and all other stakeholders;
(d) Measuring collaboration performance—one interviewee
highlighted the need for a subjective view of the team. This
means that the performance of the collaborative working
project can be measured and (potentially) shown to be
effective for this type of working. The need for close
monitoring of the ﬁnancial arrangements of the collaborative
working venture was also highlighted as an important aspect
to the success of the collaboration.
5.1.2. Interviews summary. The interviewees were very
appreciative of the efforts that the research team had made to
improve the planning and implementation of collaborative
working on projects. Apart from the speciﬁcs described above, the
interview ﬁndings can be summarised as ‘. . . the PIECC framework
allows any number of initiatives to be used at the correct time, to
enable effective planning and implementation of collaborative
working into projects’.
5.2. PIECC industrial workshop results
The second part of the evaluation and validation exercise involved
the organisation of a 1 day workshop where industry
representatives were invited to discuss the PIECC ﬁndings. The
research team used their personal contacts and those of industrial
partners to invite 77 people from industry. This group of people
was made up from those involved in the initial questionnaire and
interview processes, as well as other industrial experts who had
not previously been involved in the PIECC project. All participants
had had signiﬁcant experience in collaborative working in the
construction sector. Of these 77, 15 agreed to attend. The
participants represented the construction sector—architects,
design managers, project managers; the technology sector—
extranet providers; and those that have both construction and
technology experience.
The day was essentially split into three distinct tasks.
(a) Task 1: participants had to indicate the primary focus of their
roles in the industry—completed to enable groups to be made
up for the next two tasks.
(b) Task 2: in the groups, analyse the impact of ineffective
collaborative working on project performance from the
Business, Project, or Technology perspective.
(c) Task 3: in the groups, assess the potential beneﬁts of using the
PIECC framework to improve project performance.
For the second task the groups were given 1 h to discuss the impact
of ineffective collaborative working on project performance, and
list their top ﬁve issues. The groups were chaired by a PIECC
project industrial representative, with the results recorded by a
member of the research team. With these impacts documented, the
groups were then asked to highlight areas of the PIECC framework
that could be used to address these impacts—Task 3. The results
from the two tasks are described in the next sections.
5.2.1. Task 2 results. As described above, there were three
groups each addressing the impact of ineffective collaborative
working on project performance from the business, project or
technology perspectives. A summary of the results found is shown
in Table 1.
From the table it can be seen that there are commonalities in the
issues found in the business and project results. For example, the
most important issue highlighted centres around building trust in
the project team, and where this is found to be ineffective, there is
a clear breakdown of relationships in the team. The project can
also suffer from ‘cost and time inefﬁciencies due to wasted
effort and repetition of work’, which in turn leads to the team
suffering from a ‘lack of focus’ towards the project outputs.
Associated with this, many projects have ‘too much waste’,
which leads to a ‘loss of value and quality’ from the team in the
project. Other issues shown from the results of Task 2 include a
lack of ‘engagement’ and ‘ownership’ in the project team
leading to poor morale and motivation. This can lead to a lack
of knowledge sharing and innovation resulting in limited
creativity within the project team.
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The top technological issues that cause ineffective collaborative
working on projects centred around ‘poor communication’ from a
‘lack of standards’ and ‘collaborative cultures and contracts’. The
barriers associated with the technology issues were seen by the
workshop participants to be much easier to break down than the
project and business aspects.
Having determined the negative impacts that ineffective
collaborative working has on project performance, Task 3
determined which of the 23 processes could be used to address the
issues resulting from Task 2.
5.2.2. Task 3 results. The third task of the day was to ‘. . . assess
the potential beneﬁts of using the PIECC framework . . .’ to address
the inefﬁciencies in collaborative working identiﬁed in Task 2.
The participants remained in the same groups and again were
given 1 h to discuss the key issues. After this, a rapporteur from
each group described their ﬁndings to the rest of the workshop.
Collation of the information gathered is shown in the next
sections.
5.2.3. The business perspective. From a business perspective, the
‘develop a shared vision’ and ‘measure collaboration performance’
activities can be used to provide a reward and recognition policy
to solve the poor motivation and morale aspects. The lack of focus
can be addressed by the development of a shared business strategy
in the early stages of the collaborative working venture that
includes the development of a shared vision and assessing the
risks of the venture. Barriers to creativity can be addressed by
carefully managing the ﬂuidity of the project team by bringing the
right people together in the ﬁrst instance, and also deﬁning their
roles and responsibilities at the outset of the venture.
5.2.4. The project perspective. The results from a project
perspective are listed here.
(a) Cost and time inefﬁciencies and wasted effort are reduced by
identifying partners that can work well together, providing
them with the tools to set off in the same direction together by
focusing on processes, procedures and core competencies that
enable an efﬁcient way of doing things to be developed.
Clarity of purpose is developed to enable efﬁcient
collaborative working within the team.
(b) Value and quality reductions—the PIECC framework allows
team goals to be tied to the client values through the
development of a collaboration brief. This means that the
client’s values are built into the processes and procedures to
be adopted in the collaborative working venture. It is
important to stress the importance of these values in the
brieﬁngs and inductions of project team members.
(c) Lack of ownership/poor morale/and loss of engagement
can be addressed early using the PIECC framework. The
bringing together of the business strategies of all
organisations involved in the collaborative working
venture and deciding upon a ‘champion’ to lead the
collaboration is perhaps the most important step in the
process. Other aspects that need to be addressed include:
establishing the right culture for the project and, in
developing the shared vision, remembering that it should
be positive and set the behavioural rules (modus
operandi) of the project. Ownership should be built into
the roles and responsibilities, and the personal
development plans of the people involved in the
collaboration.
(d) Lack of knowledge sharing and innovation aspects are
addressed by selecting organisations to work with that have
a proven track record in this area. The collaboration
strategy allows the development of roles and targets that
deﬁne agreements on incentive schemes, and knowledge
capture and sharing processes. These roles and targets
should be highlighted to the team when they are brought
together as part of training sessions for the collaborative
working venture.
The technological aspects are addressed by the PIECC
framework in less detail than the people and business aspects.
The developments of the PIECC framework allow ‘poor
communications’ to be removed. The development of a
‘collaborative culture’ is achieved by sharing goals, objectives,
resources, etc. in the collaborative working venture. More
detailed issues surrounding the development of standards, the
software functionalities of the ICT providers, and whether to
work in 3 Q3D–nD are all outside the scope of the PIECC
framework. The PIECC work acknowledges initiatives that are
addressing these ICT aspects and are included in the detailed
information that supports the framework.
5.2.5. Summary of evaluation and validation. To provide an
overall summary of the evaluation and validation exercise for the
PIECC framework it would be prudent to bring together the
interviews, workshop and project results. Fig. 5 shows which of
the PIECC framework’s processes are the most important to
effective collaborative working in projects.
The most important processes in the PIECC framework are:
‘appoint a collaboration champion’, ‘develop a shared vision’,
‘deﬁne roles and responsibilities’ and ‘agree standards and
procedures’. It should be stressed that all the processes of the
PIECC framework are considered important to the success of
collaborative working.
Business Project Technology
Poor morale and motivation
Lack of focus
Too much waste
Barriers to creativity
Managing risk and creating trust
Breakdown of relationships
Costþ time inefﬁciency due to waste of
effort/repetition
Loss of value/quality
Lack of ownership/poor morale/loss of engagement
Lack of knowledge sharing and innovation
Poor communication
Lack of collaborative contracts and cultures
Lack of standards
Working in 3D–nD differences in software
functions of vendors
Table 1. Summary of the results from Task 2 of the workshop
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From the concluding discussions of the industrial workshop it was
seen that the PIECC project could improve team performance, thus
enabling effective collaborative working. Using Bruce Tuckman’s
model for building successful teams20 (Fig. 6) it was felt that if the
PIECC framework was used it would probably reduce the distance
between the teams’ ‘enthusiasm’ and ‘performance’ during the
‘forming’ and ‘storming’ phases of the teams development.
Tuckman’s model would look signiﬁcantly different as a result
(Fig. 7).
5.3. Perceived beneﬁts of the PIECC framework
From the evaluation and validation exercise the list below
summarises some of the perceived beneﬁts of the PIECC
framework.
(a) PIECC is a ‘. . . good framework to provide people with the
tools to develop a strategy for collaboration . . .’.
(b) PIECC ‘. . . really makes you think about collaboration . . .’.
(c) PIECC highlights ‘. . . the inter-relationships needed to ensure
a route is followed to plan and implement collaborative
working . . .’.
(d) PIECC is a ‘. . . sign and marker for an organisation that will
need (PIECC) to win work and carry out that work
collaboratively . . .’.
(e) PIECC prevents ‘. . . people giving lip service to the uptake of
collaboration, only for them to back to normal/original
working practices . . .’.
As the PIECC framework is used more and more in the
construction industry it is expected that the list of beneﬁts will get
longer.
6. FURTHER WORK, RECOMMENDATIONS FOR
IMPROVEMENTS
The results from the evaluation and validation exercise have
shown a positive response from the industry as to the usefulness of
the PIECC framework for effective collaborative working in
construction. There were, however, a number of suggested
improvements and considerations.
(a) Stress the importance of why the people and process aspects
are most important.
(b) Identify how to develop the people to set the collaboration up
and implement the chosen solution.
(c) Evaluate and validate the framework in real construction
projects/document case studies.
(d) Can the software vendors push PIECC—or is it more of the
clients responsibility to do so?
(e) Integration with wider project environment/overlap with the
project process/stage—RIBA Plan of Work, Process Protocol,
etc.
( f ) Include a health check for measuring against effective
collaborative working.
Team
enthusiasm
Team
performance
Forming Storming Norming
Team development
Performing Adjourning
Fig. 6. Tuckman’s model of team development and its eff
Q4
ect on team enthusiasm and performance
– Appoint a collaboration champion
– Develop a shared vision
– Define roles and responsibilities
– Agree standards and procedures
– Establish need to work collaboratively
– Assess collaboration risks
– Map project lifecycle processes
– Reflections and feedback of collaboration
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– Develop internal business case
– Gain senior management approval and sponsorship
– Match skills to roles and responsibilities
– Collate and disseminate procedures for collaboration
– Purchase and implement any new technology
– Measure collaboration performance
– Appoint and bring the management team together
– Identify/recruit potential participants
– Collaboration support (from external sources)
– Establish need to work collaboratively
– Identify potential partners
– Identify current ICT systems and technology requirements
– Bring the project team together
– Provide management training and mentoring as necessary
– Provide technology training and mentoring as necessary
Fig. 5. Summary of the order of importance of the PIECC
processes for effective collaborative working
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These suggestions and considerations will be taken up in any
future developments of the PIECC framework.
7. CONCLUSIONS
This paper has described the methodology for the development,
evaluation and validation of the PIECC decision-making
framework. It has shown the iterative cycles of developing the
framework through its different versions, and how these
developments were commented on and inﬂuenced by the industry
steering group.
Once the framework had been ﬁnalised the model used for the
evaluation and validation exercise was discussed, and the results
from each aspect described. The evaluation revealed a favourable
industry response to the framework, with most participants in the
evaluation workshop holding the view that the PIECC framework
is a useful tool that brings together some new and existing
methods to better plan for the implementation of effective
collaboration in construction projects.
There are four main aspects of the framework that were considered
essential for the success of any collaborative working venture.
These are to: ‘appoint a collaboration champion’, ‘develop a
shared vision’, ‘deﬁne (people’s) roles and responsibilities’, and
‘agree standards and procedures’.
Alongside these four aspects, it is essential to ‘. . . get the right
people to work as part of the collaborative working venture . . .’.
People and their relationships in the collaborative working
venture are crucial to a successful collaborative working
project.
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